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SUMMARY

Polymerase-chain-reaction (PCR) amplification combined with custom-synthesized oligodeoxyribonucleotide (oligo)
primers can be used to make complex genetic engineering steps (e.g., translational fusions) easy. Much of the complexity
of the engineering steps can be incorporated into the custom oligo primers. Using this technique, a plant constitutive
expression vector, PUCI8cpexp, was constructed. This vector is based on the cauliflower mosaic virus 35S gene-regulatory
elements and the cucumber mosaic virus coat protein-encoding gene (cp) 5’-untranslated region. Use of this vector is
demonstrated by modifying the cp genes of several plant viruses and cloning them into pUCI18cpexp. Because the construction

and use of this vector system require custom oligo primer s

custom PCR engineering.

ynthesis and PCR amplification, the technique is referred to as

INTRODUCTION

The PCR amplification technique, using the thermostable
Tag polymerase (Saiki et al., 1988), has many uses in
molecular biology procedures, which include molecular
cloning, nt sequencing, and sequence modifications (Innis
et al., 1989). A unique feature of PCR s its ability to amplify
discrete regions of DNA and to place useful restriction
enzyme sites adjacent to the amplified region. In this report
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Abbreviations: bp, base pair(s); CaMV, caulifiower mosaic virus; CMV,
cucumber mosaic virus; CP, coat protein; cp, gene (DNA) encoding CP;
CPCR, custom PCR; kb, kilobase(s) or 1000 bp; nt, nucleotide(s); oligo,
oligodeoxyribonucleotide: PCR, polymerase chain reaction; PRV,
Papaya ringspot virus; SV40, simian virus 40; WMV, watermelon mosaic
virus; ZYMYV, zucchini yellow mosaic virus.

the engineering of the plant expression vector pUC 18cpexp
using CPCR amplification is described. This vector
contains the regulatory elements of the CaMV 35§ gene
(Pietrzak et al., 1986) and most of the CMV 5’.untrans-
lated region (Quemada et al, 1989). Several viral
5’-untranslated regions have been shown to be trans-
lational enhancers in plant expression systems (Gallie et al.,
1987; Jobling and Gehrke, 1987). In this example, the
5’-untranslated region of the CMV ¢p gene was selected
because of its availability; it appears to also serve as a
translational enhancer (Quemada et al,, 1991). An ANcol
cloning site was placed at the junction of the CMV-trans-
lation start codon (ATG) and 35S terminator DNA region.
Even though this expression cassette contains only the Ncol
site for cloning, its use can be greatly extended if the targeted
coding regions are also PCR-amplified to add flanking Neol
sites. MacFerrin et al. (1990) have reported a similar use of
PCR engineering for the construction of Escherichia coli
expression vectors.
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EXPERIMENTAL AND DISCUSSION

(a) CPCR construction of pUC18cpexp

The cp gene of CMV was engineered for expression in
plants by cloning it between the regulatory sequences of the
CaMV 358 gene (Quemada et al., 1991). The engineering of
the CMYV cp gene was straightforward because it contains
a 5'-untranslated region (70 nt) and a translation start
codon (ATG) (Quemada et al., 1989). Thus it was cloned
(using convenient restriction enzyme sites) between the
regulatory elements of the CaMV 35S gene to obtain the
clone pUC1813¢cpCMV19 (Fig. 1). However, the cp genes
of the potyvirus group of plant viruses (which include PRV,
WMVII and ZYMYV) are much more difficult to engineer
because their proteins are encoded within a long single
polypeptide (see review by Dougherty and Carrington,
1988). The individual proteins are cleaved from the poly-
protein by proteases that are part of the polyprotein. Thus,
for the expression of a potyvirus cp gene in plants both the
important transcriptional and translational elements must
be added.

The CMYV ¢p gene expression vector pUC1813¢cpCMV 19
contains all the regulatory elements needed for plant expres-
sion, but it cannot be conveniently used for the expression
of potyvirus cp genes because each construct would require
a different translational fusion. However, by using CPCR
amplification of the vector pUC1813cpCMV19 a more use-
ful plant expression vector, pUC18cpexp, was constructed
that allows translational fusions to be made at the site of the
translation start codon (ATG). The restriction enzyme

AG HindIII
GAAGCTT

Jis-81
CCGGARACCTCCTCGGATTCC-3"
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recognition site for Ncol (CCATGG) was selected because
it shares considerable identity with the plant translation
consensus sequence (AACAATGGC) described by Lutcke
et al. (1987).

CPCR amplifications of the regulatory elements of

pUCI1813cpCMV19 were done using the oligo primer sets

shown in Fig. 1. The oligo primers JLS"81 and -82 (Fig. 1)
amplified a 400-bp region that contains 330 bp of the
CaMYV 35S promoter and the 70-bp CMV 5’-untranslated
region. The oligo primers JLS-83 and -84 (Fig. 1) amplified
a 200-bp region that contains CaMV 358 terminator region,
including the poly(A)-addition signal. These oligo primers

.added Hindlll sites to the 5’ and 3’ ends of these CaMV

35S promoter and terminator fragments and Ncol sites to
the 3" and 5" ends of these fragments, respectively (Fig. 1).
CPCR amplification yielded the expected 400-bp promoter
(£) and 200-bp terminator (T) fragments shown in Fig. 2.

These fragments were removed fronj the gel matrix, digested

with Ncol, and ligated together to obtain the combined
600-bp fragment (PT in Fig. 2). This 600-bp fragment was
amplified a second time using oligo primers JLS-81 and -84
(Fig. 1) toincrease its concentration. The double-amplifica-
tion 600-bp fragments -were digested with HindIII, poly-
acrylamide gel purified, and ligated into HindIll-cut
pUCI8. After transforming E. coli cells five clones were
selected for nt sequencing to check for ligation and/or PCR-
generated mutations. This analysis showed that these
clones contained identical inserts and no nt sequence muta-
tions. This nt sequence analysis (a total of about 3000 bp
from these five clones) was encouraging as it indicates that

TCCATGGTT

JIS-83
GCGCTGAAATCACCAGTCTC-3°

e

3°-UT

i
K

pUC1813cpCMV
Camy
Promotor Region

cMmvCcp
Gene Region

3"-CAGCATCTTAACTCAGCTCAG

JIs-82

TIGGTACC

o
3"-TTGGTTTTAGGTCACCATGG
JIS-84

TICGAA

Neol A

A HindIIl TCA
C A

Tos S5

Fig. 1. Strategy used to CPCR-engineer the plant expression vector pUCI18cpexp. The gene structure of clone pUC1813cpCMV 19 (used for expressing
the CMV cp gene; Quemada et al., 1991), the location and sequence of the four oligo primers used for CPCR are shown. The restriction site synthesized
within each oligo primer, internal Ncol and flanking HindI11 sites are also indicated (overlined or underlined). Each oligo primer contains an additional

six nt adjacent to the restriction enzyme site (written on the diagonal) 10 aid restriction enzyme binding and DNA cleavage. Shared nt sequences between
the oligo primers and the amplified regions are denoted by a line above or below the oligo sequence.
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Fig. 2. CPCR amplification results for the promoter and terminator
regions used to construct pUCI8cpexp. The amplification of 200-bp
CaMV terminator (lzne 1) and 400-bp CaMV-CMV promoter (lane 2)
regions are shown. Lane 3 shows the results of ligating these Neol-cut
200-bp and 400-bp fragments to obtain the 600-bp fragment (labeled PT);
many fragments did not ligate as indicated by the intensity of the 200-bp
terminator fragment (labeled T) and 400-bp promoter fragment (labeled
P). Methods: CPCR ampilification reactions contained 50 ng of each
primer and- 100 ng of template (pUC1818cpCMVI9) in a total reaction
volume of 100 ul. Buffer and nt concentrations are as described by the
vendor, Perkin-Elmer-Cetus. Reaction mixtures were subjected to 30
cycles of amplification using a denaturation step of 94 °C (2 min), anneal-
ing step at S0°C (I min), and extension step of 74°C (3 min). DNA
amplification cycles were controiled by a2 programmable cyclic reactor
obtained from Ericomp, Inc. After amplification, samples were extracted
once with a phenol-chloroform-isoamyl alcohol mixture (1:1:0.04),
once with a chloroform-isoamyl alcohol mixture (1:0.02). precipitated
with ethanol, and then resuspended in 30 ul of H,0. Samples were then
subjected to digest by Mcol followed by electrophoreses through a 7%
polyacrylamide-15%, glycerol gel. CPCR amplificd bands were visualized
by ethidium bromide staining and the DNA fragments were removed
from the gel matrix by electroelution (Maniatis et al., 1982). These frag-
ments were combined in equal concentration (about 0.5 ngeach), then 10
units of T4 ligase (Collaborative Research. Inc.) were added and the
volume adjusted to a total of 10 ul. The ligation reaction was incubated
at 14°Cfor 18 h, after which the ligase was inactivated by heating t0 65°C
for ten min, then loaded on a polyacrylamide-glycerol gel. Ligation pro-
ducts show the presence of the expected 600-bp promoter and terminator
fragment (labeled PT) and other products that resulted from the other
possible ligation events, i.e., the 400-bp fragment (ligation of two termina-
tor fragments) and the 800-bp (ligation of two promoter fragments).

PCR-generated errors did not occur at a frequency that
would render the CPCR engineering strategy useless. The
nt sequence of the CaMV-CMV regulatory regions of the
CPCR-engineered expression cassette pUC18cpexp are
included in Fig. 3.

{b) Cloning PRV, WMVH, and ZYMV cp genes into
pUC18cpexp

CPCR engineering strategies were designed for the clon-

ing of the PRV, WMVII and ZYMV cp genes into
pUCI18cpexp. These strategies were similar and straight-
forward as CPCR amplifications were used to add the
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necessary Ncol sites flanking each ¢p gene. The goal was to
obtain a translational fusion that would upon expression
produce a CP as identical as possible to the respective
native CP. Some modifications were unavoidable due to the
addition of an N-terminal methionine residue and because
the ¢p translation fusion codon selection required con-
serving the Ncol recognition site (CCATGG). Thus the
translation start codon was generally fused (o the first 19
codon beginning with a G nt. In addition, since it appeared
that the preferred N-terminal aa for potyvirus CP might be
Ser, Gly, or Ala (Dougherty et al., 1989), these codons were
preferentially selected. Addition of the Ncol site to the 3’
end of these ¢p genes was much simpler because these
linkages only involved transcriptional fusions.

Oligo primers designed for CPCR amplification of the
PRV ¢p gene fused the translation start codon 1o the fifth
aa (Ala) that follows the expected Glu-Ser peptide cleavage
site (Quemada et al., 1990a). The 3’-Ncol site was added
50 bp downstream from the PRV translation stop codon
(Fig. 3). CPCR amplification of the plasmid pPRV1]7
(Quemada et al., 1990a) yielded a 900-bp fragment that was
digested with Ncol and then cloned into the Ncol-digested
vector pUC18cpexp. Two selected clones were completely
sequenced and no mutations were found (a total of 1800 bp
were checked). Fig. 3 shows the nt sequence of
CaMV-CMY regulatory elements of pUCI18cpexp and its
junctions with the PRV ¢p gene in the clone referred to as
pUCI18cpPRV. :

Similar CPCR amplifications were used for the engineer-
ing of the ¢p genes from WMVII and ZYMYV (data not
shown). Oligo primers designed for CPCR amplification of
the WMVII ¢p gene fused the translation start codon 1o the
second aa codon, Gly, of the ¢p gene (Quemada et él.,
1990b). CPCR amplification of the clone pWMVII-3.2
(Quemadaet al., 1990b) yielded a 900-bp fragment that was
cloned into pUCI18cpexp and the clone designated
pUCI18cpWMVIH was isolated and sequenced (data not
shown), no PCR and/or ligation-generated mutations were
found. CPCR amplification of the ZYMV cp gene fused the
translation start site to the second aa, Gly, of the cp gene
(Quemada et al., 1990b). CPCR amplification of clone
PZYMV-15 (Quemada et al., 1990b) yielded a 900-bp frag-
ment that was cloned into pUCl8cpexp and the clone
referred to as pUC 18¢cpZYMV was selected and
sequenced. This sequence revealed a cloning artifact at the
Ncol site near the translation start site, it contained only one
C nt instead of the expected CC nt (data not shown). The
nt sequence of the remaining ZYMV ¢p gene revealed no
additional errors.

{c) Conclusions
PCR amplification is a powerful method for the modifica-
tion of DNAs and it was used here for the constructior. of
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Fig. 3. The nt sequence of CPCR-engineered expression vector pUCI18cpPRYV. The nt sequence was obtained using double-stranded DNA. (Zagursky
et al,, 1985) and the dideoxy sequence enzymatic sequencing method (Sequenase™2, U(ié Biochemicals). The DNA sequencing gel system used has
been described by Slightom et al. (1991) and employs I-meter gels; sequence readings in the range of 800 bp from the oligo primer are routinely obtained.
The location of the CaMV promoter and terminator and CMV 5‘-untranslated regions is shown. Also shown are the ot sequence and location of the
oligo primers used for CPCR-amplification of the PRV cp gene. The location of the Ncol sites used for cloning the CPCR amplified PRV ¢p gene into
pUCI8cpexp is shown. Shared sequences between the oligo primers and PRV ¢p gene are shown as dashed lines cbove the sequence line and as the

complementary nt sequence below the sequence line. The complete PRV ¢p gene sequence is not shown as its sequence has previously been described
(Quemada et al., 19902).

a CaMV-based plant-expression cassette. The major by PCR amplification and straightforward ligation events.
strength of this method is that it allows complex DNA A major weakness of the strategy is the concern that Tag
modification to be done by oligo primer synthesis followed polymerase lacks fidelity. However, analysis of the fidelity
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of Taq polymerase finds it to be similar to that found for
other polymerases, T7 and DNA polymerase I (Keohavong
and Thilly, 1989). In addition, the probability of obtaining
PCR-generated errors in the examples presented here are
reduced because the initial template is cloned and its con-
centration is not limiting, as is the casc when amplifying rare
mRNAs or single-copy genomic DNAs. This is supported
by nt sequence analyses of the CPCR-engineered clones
described here (a total of 8400 bp) since no PCR-generated
errors were found. However, it was surprising to find an
error that resulted from a ligation event; thus, it is recom-
mended that CPCR-engineered DNASs be sequenced to
ensure accuracy.

The constitutive plant expression vector pUC18cpexp
can be effectively used for the cloning of almost any coding
region provided that it is modified by CPCR amplification.
However, coding regions that contain multiple Ncol sites
will be problematic and may require the selection of a
different restriction enzyme site to be placed at or near the

translation start codon. Each of the potyvirus cp expression

vectors described here has been transferred into plant
tissues and found to be functional (S. Namba, K. Ling, C.
Gonsalves, J.L.S. and D. Gonsalves, manuscript in prepa-
ration).
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